The presence of ribosomal DNA has been demonstrated, by light and electron microscopy study of in situ hybridization with 125I4labeled ribosomal RNA, in the Feulgen-positive bodies which appear during maturation in the cytoplasm of Xenopus laevis oocytes. The ultrastructure of these bodies is described. Many years ago (1-3), one of us described the appearance of Feulgen-positive granules in the cytoplasm of amphibian oocytes undergoing in vivo maturation. More recently, a cytochemical and ultrastructural study of in vitro maturation led to the conclusion that these granules probably originate from the nucleolar organizers (4, 5).
MATERIAL AND METHODS
Full-grown oocytes were dissected out of ovaries of Xenopus laevis females and manually separated, in Ringer solution, from their follicle cells. In vitro maturation was induced by progesterone (1 ,g/ml of Ringer solution) treatment. The progress of maturation was followed at regular intervals by dissection of a few boiled oocytes (4 Spurr (7) . The remaining oocytes were embedded in glycolmethacrylate following Leduc and Bernhard (8) . Ultrathin sections of about 1000 A were cut with a Reichert OMU3 ultramicrotome and collected on Formvar-carbon-coated gold grids. The grids were processed for in situ hybridization according to Jacob et al. (9) , with small modifications: two different temperatures of hybridization have been used, namely 700 or 800; SSC (standard saline-citrate) solutions were replaced by SET solu'ons (0.15 M NaCl, 50 mM Tris-HCl, 5 mM EDTA, pH 8 X). Ilford L4 emulsion was applied on the grids by the loop method (10) . Autoradiograms were developed with Microdol X diluted 1:1 with water, after 6 weeks' to 5 months' exposure. The grids were stained with uranyl acetate in -Michaelis buffer and lead citrate, and were then observed with an AEI electron microscope EM6B.
In Situ Hybridization for Light Microscopy. The sections were treated with ribonuclease (RNase) for 1 hr at 370
[100,Mg/ml of RNase A in 2 X SET (pH 8)]. Denaturation was performed in 95% formamide in 0.1 X SET (pH 7) for 2.5 hr at 650 (11) . The slides were dipped in cold 70% ethanol, passed through 95% ethanol, and air dried. Hybridization was carried out in 50% formamide, 2 X SET (pH 8) containing 0.1 Ag/ml of 125I-labeled rRNA and 100 gug/ml of Escherichia coli tRNA at 400 for 16 ' Ao volume of Na2SO3 0.1 M. Unreacted iodine was then separated from rRNA on a Sephadex G-50 column (in 2 X SET). rRNA was heated at 700 for 30 min, after the solution was made 10 mM in Na2SO3. It was then precipitated with ethanol. The pellet was redissolved and further fractionated on a Sephadex G-50 column (in 2 X SET). The specific activity of the RNA was about 2.5-107 cpm/Mug.
RESULTS

Light microscopy
After 4-6 weeks' exposure, clusters of silver grains could be seen in the remnants of the nuclear sap where the Feulgenpositive granules are known to be localized. The labeling varied from a few to several dozen grains. During germinal vesicle breakdown, they were localized at the basal part of the vesicle. Later, they were found nearer the animal pole and finally in the proximity of the maturation spindle.
After Feulgen staining there was a perfect correlation between the localization of the Feulgen-positive granules and of the hybridization sites with ribosomal RNA. This was particularly evident in slides where the silver grains had not completely disappeared after Feulgen hydrolysis and staining ( Fig. la and b) .
The labeling of the nucleoli in intact germinal vesicles from control oocytes was very weak: 0-4 grains per nucleolus after 6 weeks' exposure (Fig. 2) . The metaphase chromosomes attached to the maturation spindle, as well as the follicle cell nuclei, were never significantly labeled after this exposure time. The same qualitative results were obtained with all the fixatives we used. Electron microscopy The same labeling pattern is found in ultrathin sections after 2 months of exposure. The silver grains are localized above (Fig. 4) .
The labeling is exclusively localized to the fibrillar zone, whose texture and electron density are comparable to those of metaphasic chromosomes (Fig. 4) .
No labeling could be found over the follicle cell nuclei. The radioactive bodies which are seen by electron microscopy seem to be more numerous than the Feulgen-positive granules shown by light microscopy. This difference is probably due to the higher resolving power of the electron microscope or to the limited sensitivity of the Feulgen reaction.
The grain density after in situ hybridization of ultrathin sections was higher at 80°than at 700. This effect could be explained by a better diffusion of the labeled RNA through the sections at 800; it is possible that the diffusion itself is facilitated by partial degradation of the RNA at this higher temperature. The background was also reduced at 800: at 700, a very weak labeling was sometimes observed on some of the yolk platelets; it was never present at 800.
DISCUSSION
Our results show a perfect correlation between Feulgen-positive bodies and hybridization sites with rRNA. While the bodies are covered with many silver grains, no significant labeling is observed, under the same conditions, in the follicle cell nuclei or in the chromosomes of the maturation spindle. Moreover, the nucleoli are the only structures which are labeled in oocytes where the germinal vesicle is still intact.
FIG. 3. High resolution autoradiograph on glycolmethacrylate ultrathin sections of a maturing oocyte after in situ hybridization
with 125I-labeled rRNA. Progesterone treatment was 8 hr; exposure, 10 weeks. Labeling is localized over fibrillar bodies completely surrounded by a layer of mitochondria. The latter are never labeled. The ultrastructure of these bodies is more clearly seen on Fig. 4 . m, mitochondria; y, yolk platelet. X27,000.
These facts clearly show that the hybridization we observed is specific for rDNA. We can thus conclude that rDNA is present in the Feulgen-positive bodies.
As there is no detectable DNA synthesis, during maturation, other than mitochondrial DNA synthesis (5), the rDNA which is present in the cytoplasmic Feulgen-positive bodies must preexist in the mature oocyte. The rDNA-containing bodies must originate from the nucleoli of the germinal vesicle, by condensation and aggregation of their nucleolar organizers. This is supported by the fact that labeling is much stronger in the Feulgen-positive bodies than in the numerous nucleoli present in intact germinal vesicles. When some of these nucleoli fuse together in oocytes placed under adverse conditions, giant nucleolar organizers can be detected with the Feulgen reaction during the maturation of Xenopus oocytes (Fig. 5) : this shows that fusion of nucleolar organizers can occur in intact nucleoli as well as in the cytoplasm.
The structures which contain rDNA during maturation have been identified by electron microscopy. They had already been described hn previous work (12) Application of the methods used in the present paper to later stages of development (unfertilized, fertilized, and cleaving eggs) might provide useful information about the fate of rDNA after maturation. The significance of the mitochondrial envelope which surrounds the nucleolar organizers after they have been cast out into the cytoplasm remains obscure: they might conceivably play a role in their eventual further degradation or in their apparent absence of replication during segmentation (13, 14) . Association of mitochondria with "nuclear extrusions" during oogenesis has been described in different animal species (15) (16) (17) (18) , but only in one case (18) has DNA been demonstrated in the extruded material. It could be interesting to know whether an association between mitochondria and DNA-containing structures is a general phenomenon; this could be studied, for instance, during maturation of starfish oocytes, where a single Feulgen-positive body, originating from the nucleolus, is present in the cytoplasm (19, 20) , as well as in eggs where chromosome elimination takes place during normal (Ascaris, Cecidomyidae) or hybrid development (21) .
